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(57) ABSTRACT 

An amplifier includes a signal splitter operable to receive an 
input signal and generate at least first and second split 
signals, a first amplifier adapted to receive the first split 
signal and to generate a first amplified signal, and a second 
amplifier adapted to receive the second split signal and to 
generate a second amplified signal. A combining circuit is 
adapted to generate an output signal which is a Sum of the 
first amplified signal and the second amplified signal. The 
amplifier further includes a phase control circuit arranged in 
a signal path of one of the first and second amplifiers, the 
phase control circuit comprising at least one thin film 
ferroelectric element. The amount of phase shift provided by 
the phase control circuit is selectively variable as a function 
of a control signal applied thereto. 
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POWER AMPLIFEREMPLOYING THIN FILM 
FERROELECTRIC PHASE SHIFTELEMENT 

FIELD OF THE INVENTION 

0001. The present invention relates generally to amplifi 
ers, and more particularly relates to techniques for extending 
a usable frequency range of a power amplifier without 
significantly reducing linearity and/or efficiency of the 
amplifier. 

BACKGROUND OF THE INVENTION 

0002. Due to the increasing importance of spectral effi 
ciency in wireless communications systems, linearity and 
efficiency of radio frequency (RF) power amplifiers have 
become critical design issues, particularly for implementing 
complex digital modulation schemes often necessary for 
Supporting higher data capacity and enhanced data trans 
mission rates. Although linearity can be improved with 
known linearization techniques such as feed-forward linear 
ization, this improvement comes at the expense of reduced 
amplifier efficiency. 
0003 Doherty amplifiers, which are well-known in the 
art, have been shown to achieve higher efficiencies than 
traditional power amplifier designs. A standard Doherty 
amplifier 100 is illustrated in FIG. 1. As apparent from the 
figure, the standard Doherty amplifier 100 consists of a 
carrier amplifier 102 and a peak amplifier 104 which are 
typically biased in class A and in class C, respectively. A 
quadrature 3-decibel (dB) hybrid 106 can be employed to 
split an input signal applied to the Doherty amplifier 100 
equally, but 90 degrees out of phase, to both the carrier and 
peak amplifiers. Amplified output signals generated by the 
carrier and peak amplifiers 102, 104 are combined in phase 
at an output of a quarter-wave transformer 108 which is 
coupled to an output of the carrier amplifier. 
0004 Operation of the Doherty amplifier can be sepa 
rated into two primary regions. In the first region, the input 
power is less than a threshold of the peak amplifier 104, and 
therefore only the carrier amplifier 102 supplies the output 
power to an output load R, connected to an output of the 
Doherty amplifier 100, with an efficiency determined pri 
marily by its class A operation. As the input signal further 
increases to a level just below a saturation point of the 
carrier amplifier 102, the peak amplifier 104 begins to 
operate, marking the start of the second region of operation. 
Through the connection of the quarter-wave transformer 
108, the power supplied by the peak amplifier 104 effec 
tively reduces the apparent load impedance seen by the 
carrier amplifier 102. This impedance reduction enables the 
carrier amplifier 102 to deliver more power to the output 
load 110 while its voltage remains saturated. In this manner, 
a higher efficiency is maintained in the carrier amplifier 102, 
and hence the overall Doherty amplifier 100, throughout the 
second region until the peak amplifier 104 reaches its 
saturation threshold. 

0005 Although Doherty amplifiers can generally achieve 
higher efficiencies than traditional power amplifier designs, 
this increased efficiency comes at the expense of reduced 
linearity. This is due, at least in part, to the fact that Doherty 
amplifiers typically employ fixed electrical line lengths 
and/or phase shift elements to achieve proper phasing 
between the two signal paths. These fixed line lengths have 
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static phase characteristics associated therewith which vary 
nonlinearly with frequency. This reduced linearity signifi 
cantly limits the bandwidth of conventional Doherty ampli 
fiers. 

0006 There exists a need, therefore, for a power ampli 
fier having an extended frequency range of operation com 
pared to traditional power amplifiers, which does not suffer 
from one or more of the problems exhibited by conventional 
power amplifiers. 

SUMMARY OF THE INVENTION 

0007. The present invention, in an illustrative embodi 
ment, provides techniques for beneficially extending a 
usable frequency range of a power amplifier by using one or 
more thin film ferroelectric phase shift elements in at least 
one signal path of the amplifier. The use of thin film 
ferroelectric material is highly linear compared to conven 
tional phase control elements, and furthermore allows tuning 
of a point at which phase transformation occurs in the power 
amplifier, thereby providing an extended usable frequency 
range without any significant reduction in linearity and/or 
efficiency of the power amplifier. 

0008. In accordance with one aspect of the invention, an 
amplifier includes a signal splitter operable to receive an 
input signal and generate at least first and second split 
signals, a first amplifier adapted to receive the first split 
signal and to generate a first amplified signal, and a second 
amplifier adapted to receive the second split signal and to 
generate a second amplified signal. A combining circuit is 
adapted to generate an output signal which is a Sum of the 
first amplified signal and the second amplified signal. The 
amplifier further includes a phase control circuit arranged in 
a signal path of one of the first and second amplifiers, the 
phase control circuit comprising at least one thin film 
ferroelectric element. The amount of phase shift provided by 
the phase control circuit is selectively variable as a function 
of a control signal applied thereto. 
0009. These and other features and advantages of the 
present invention will become apparent from the following 
detailed description of illustrative embodiments thereof, 
which is to be read in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a schematic diagram illustrating a con 
ventional Doherty amplifier. 
0011 FIG. 2 is a schematic diagram illustrating a 
Doherty amplifier employing a fixed phase shift circuit. 

0012 FIG. 3 is a schematic diagram depicting an exem 
plary power amplifier, formed in accordance with an illus 
trative embodiment of the present invention. 
0013 FIG. 4 is a schematic diagram depicting an exem 
plary phase control signal generator circuit Suitable for use 
with the power amplifier shown in FIG. 3, in accordance 
with an embodiment of the present invention. 
0014 FIG. 5 is a schematic diagram depicting at least a 
portion of an exemplary phase control circuit Suitable for use 
with the power amplifier shown in FIG. 3, in accordance 
with an embodiment of the present invention. 
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0.015 FIG. 6 is a graphical representation illustrating an 
exemplary Voltage verses frequency response and an exem 
plary phase verses control Voltage response for the circuits 
shown in FIGS. 4 and 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016. The present invention will be described herein in 
the context of an illustrative Doherty amplifier circuit which 
may be used, for example, in a power amplifier application. 
It should be appreciated, however, that the present invention 
is not limited to the particular amplifier architecture shown, 
nor are the techniques of the invention limited to any specific 
application. Rather, the invention is more generally appli 
cable to extending a frequency range of a power amplifier 
without significantly reducing linearity and/or efficiency in 
the amplifier, where the term “linearity” as used herein may 
be defined as the corresponding relationship between an 
input signal and an output signal Such that the output signal 
is substantially independent of an input signal level. The 
frequency range of the power amplifier may be extended by 
utilizing phase control circuitry comprising one or more thin 
film ferroelectric elements for selectively controlling a phase 
shift in one or more signal paths of the power amplifier. The 
term “amplifier” as used herein essentially refers to a circuit 
for multiplying an input signal applied to the circuit by a 
predetermined gain which is greater than or equal to one. 
0017 FIG. 2 is a schematic diagram illustrating a 
Doherty amplifier 200, in which the techniques of the 
present invention can be implemented. The Doherty ampli 
fier 200 includes a splitter 206, for dividing an input signal 
IN presented to the Doherty amplifier into two signals, and 
first and second amplifiers 202 and 204, respectively. The 
split signals are provided to respective inputs of the first and 
second amplifiers 202, 204 via transmission lines 214 and 
216, respectively. The first amplifier 202 is biased for class 
A operation and the second amplifier 204 is biased for class 
C operation. The Doherty amplifier 200 further includes a 
first fixed phase shift element 210 connected to an output of 
the first amplifier 202 for shifting a phase of a first amplified 
signal generated by the first amplifier by a predetermined 
amount. The phase-shifted signal generated by the phase 
shift element 210 in the first signal path is then summed with 
a second amplified signal generated by the second amplifier 
204 in the second signal path by a combiner 208. The 
combined signal generated by combiner 208 may be passed 
through a second fixed phase shift element 212 for adjusting 
a phase and/or impedance matching of an output signal OUT 
of the Doherty amplifier 200 as desired. 
0018. As previously stated, a standard Doherty amplifier 
employs fixed phase shift elements (e.g., 210, 212) to 
achieve proper phasing between the two signal paths. These 
fixed phase shift elements have static phase characteristics 
associated therewith which vary nonlinearly with frequency. 
The reduced linearity of the phase shift elements signifi 
cantly limits a bandwidth of the Doherty amplifier. For this 
reason, the Doherty amplifier shown in FIG. 2 is preferably 
modified, in accordance with an embodiment of the inven 
tion, by adding phase control circuitry in at least one of the 
signal paths for selectively controlling an amount of phase 
shift in the signal path in response to a control signal, as will 
be described below. 

0.019 FIG. 3 is a schematic diagram depicting an exem 
plary power amplifier 300 in which the techniques of the 
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present invention are implemented, in accordance with an 
illustrative embodiment thereof. The exemplary power 
amplifier 300 includes a signal splitter 302, which generates 
at least two signals from an input signal IN presented to the 
power amplifier, and at least two amplifiers 308 and 310 
capable of operating in different modes. The split signals are 
provided as respective inputs to the two amplifiers 308, 310, 
which are coupled through transmission lines 304 and 306, 
respectively, to the signal splitter 302. With the power 
amplifier 300 configured as a Doherty amplifier, the first 
amplifier 308 is preferably biased for class A operation and 
the second amplifier 310 is biased for class C operation. The 
present invention similarly contemplates alternative ampli 
fier architectures, such as, but not limited to, a balanced 
amplifier configuration, in which Such biasing arrangement 
may be modified as desired. For instance, in a balanced 
amplifier configuration, both the first and second amplifiers 
308, 310 are preferably biased for class A operation. 
0020. The power amplifier 300 is preferably configured 
such that as the first amplifier 308 approaches the maximum 
power it can produce (e.g., just prior to Saturation), the 
output from the second amplifier 310 begins to contribute to 
the power amplifier output and Supplements the power 
provided by the first amplifier, thereby extending the range 
of input power over which the power amplifier delivers 
output power. Additionally, the power Supplied by the sec 
ond amplifier 310 effectively reduces the apparent load 
impedance seen by the first amplifier 308. This impedance 
reduction enables the first amplifier 308 to deliver more 
power to the output, thereby improving the efficiency of the 
first amplifier. 
0021 For ease of integration on a silicon chip, signal 
splitter 302 is preferably an in-phase signal splitter, which 
may comprise three interconnection elements, such as, for 
example, resistors R1, R2 and R3, connected in a Y-con 
figuration as shown, although other in-phase power splitting 
arrangements suitable for use with the present invention are 
contemplated. Assuming resistors R1, R2 and R3 are of 
equal value, the input signal IN will be split equally between 
the two amplifiers 308, 310. In order to minimize signal loss 
through the signal splitter 302, resistors R1,R2 and R3 may 
be replaced with Substantially Zero-ohm elements, such as in 
a direct connection arrangement. These Zero-ohm elements 
may be fabricated, for example, in metal or polysilicon 
interconnect layers. Alternatively, signal splitter 302 may be 
configurable to shift the phase of at least one of the split 
signals by a selected amount, such as, for example, 90 
degrees, as in the case of the quadrature 3-dB hybrid 106 
shown in FIG. 1. 

0022. The exemplary power amplifier 300 further 
includes a first phase control circuit 312 coupled to an output 
of the first amplifier 308. The first phase control circuit 312 
is preferably operative to selectively modify a phase of the 
output signal generated by the first amplifier 308 in response 
to a control signal VCNTRL applied to the first phase control 
circuit. A combiner circuit 314 Sums the phase-shifted signal 
generated by the first phase control circuit 312 with the 
output signal generated by the second amplifier 310. The 
output signal generated by the combiner circuit 314 can 
optionally be passed through a second phase control circuit 
316 for selectively modifying a phase of the output signal 
OUT generated by the power amplifier 300 as desired. This 
may be beneficial, for example, to provide frequency rejec 
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tion, impedance transformation (e.g., impedance matching), 
etc., so as to extend a maximum usable frequency range of 
the power amplifier 300. 

0023 For ease of integration on a silicon chip, combiner 
circuit 314, like signal splitter 302, is preferably an in-phase 
combiner, which may comprise three resistors R4, R5 and 
R6 connected in a Y-configuration as shown, although other 
in-phase combining circuit arrangements Suitable for use 
with the present invention are contemplated. Assuming 
resistors R4, R5 and R6 are of equal value, the signals from 
the two signal paths will be summed equally. Alternatively, 
it is contemplated that the combiner circuit 314 may be 
configurable to Sum the signals in unequal proportions. 
Moreover, the combiner circuit 314 may be configurable to 
shift the phase of at least one of the signals by a selected 
amount, such as, for example, 90 degrees, as in the case of 
the quarter-wave transformer 108 depicted in FIG. 1. 

0024. In accordance with one aspect of the invention, 
each of the phase control circuits 312, 314 preferably 
comprises at least one thin film ferroelectric element for 
selectively varying the phase of an input signal presented to 
the phase control circuit. In a preferred embodiment of the 
invention, the thin film ferroelectric element comprises a 
barium strontium titanate (BST) capacitor, although alter 
native ferroelectric materials (e.g., lead Zirconium titanate, 
strontium bismuth tantalate, etc.) may be similarly 
employed, as will be known by those skilled in the art. By 
applying a bias, it is possible to tune the capacitance value 
of the BST capacitor, thus varying a phase characteristic of 
the phase control circuit. BST thin films are particularly 
well-suited for use in phase control circuitry because of their 
high tunability, relatively low loss, and fast Switching speed 
compared to standard tunable elements, such as, for 
example, Varactors and pin diodes, which can be highly 
nonlinear (see, e.g., B. Acikel et al., "High Performance 
Phase Shifters Using (Ba, Sr)TiO Thin Films,”NNUN 
Abstracts 2002/Electronics, p. 39, the disclosure of which is 
incorporated by reference herein). In addition, BST thin 
films are highly insensitive to RF power variations, making 
them beneficial for use in a power amplifier application. 
0025. The exemplary power amplifier 300 preferably 
includes a frequency detector 318. The frequency detector 
318 is adapted for receiving at least a portion of the input 
signal IN and for generating a frequency-dependent signal 
VC which is representative of a frequency of the input 
signal. In an illustrative embodiment of the invention, the 
frequency detector 318 comprises a resistor R7 connected to 
node N1 at a first end and receiving at least a portion of the 
input signal IN at a second end. A capacitor C1 is preferably 
connected between node N1 and ground. The frequency 
detector 318 further includes a diode D1 having an anode 
connected to node N1 and a cathode connected to node N2. 
A resistor R8 is preferably connected between node N2 and 
ground. The frequency-dependent signal VC is generated at 
node N2. 

0026. By way of example only, and without loss of 
generality, the operation of the frequency detector 318 will 
now be described. An RF signal is preferably tapped off the 
input of the power amplifier 300, such as through a coupling 
element 320 in the signal splitter 302. The RF signal is 
passed through a resistor-capacitor (RC) low pass filter 
comprised of resistor R7 and capacitor C1. This circuit 
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arrangement is essentially a type of frequency discriminator, 
in that lower frequencies will pass with less loss while 
higher frequencies will pass with more loss to node N1. 
These different levels of RF signal at node N1 are passed 
through the frequency detector diode D1 to generate a 
rectified DC current. The rectified DC current will flow 
through resistor R8, generating an output voltage at node N2 
which is a function of the frequency of the input signal. A 
DC return current path may be provided via the coupling 
element 320. If a coupling element is used which does not 
provide a DC return path, a resistor or inductor (not shown) 
can be added in parallel with capacitor C1. It is to be 
appreciated that the invention is not limited to the frequency 
detector shown. Rather, alternative circuitry for generating a 
frequency-dependent signal may be similarly employed with 
the exemplary power amplifier 300, as will become apparent 
to those skilled in the art. 

0027. With reference to FIG.4, the frequency-dependent 
signal VC is preferably fed to an illustrative processing 
circuit 400 for generating the control signal VCNTRL which 
is some function of the input signal frequency. By way of 
example only, processing circuit 400 may comprise an 
operational amplifier 402 configured as a noninverting 
amplifier. The control voltage VCNTRL generated by the 
processing circuit 400 in this instance will be related to the 
frequency-dependent signal VC according to the relation 
VCNTRL=K-VC, where K, which is a gain of the nonin 
verting amplifier, is equal to 1+(R1/R2). It is to be under 
stood that the present invention is not limited to any par 
ticular gain and/or circuit arrangement for the processing 
circuit 400, and that various other circuit arrangements (e.g., 
an inverting amplifier, etc.) are similarly contemplated. 

0028. With reference again to FIG. 3, the second phase 
control circuit 316, if used, is preferably configured to 
receive the same control signal VCNTRL as the first phase 
control circuit 312, although this is not a requirement of the 
power amplifier 300. The first and second phase control 
circuits are utilized for different purposes, the first phase 
control circuit 312 being used to control the phase of the 
signal generated in the first signal path for Summing pur 
poses, and the second phase control circuit 316 being used 
to control the phase of the output signal OUT for impedance 
matching purposes. Accordingly, the amount of phase shift 
generated by each of the first and second phase control 
circuits need not be the same. An additional processing 
circuit (not shown) may be included in the power amplifier 
300 for generating a second control signal for independently 
controlling the phase shift of the second phase control circuit 
316. The second control signal may be a different function 
of the frequency of the input signal IN compared to the 
control signal VCNTRL. 
0029 FIG. 5 is a schematic diagram illustrating an 
exemplary phase control circuit 500, formed in accordance 
with one embodiment of the invention. The exemplary phase 
control circuit 500 may be employed to implement the first 
and/or second phase control circuits 312, 316 in the power 
amplifier 300 shown in FIG. 3. The exemplary phase control 
circuit 500 comprises a first inductor L1 connected in series 
between an input node IN and a first node N1, and a first 
capacitor C1 connected between node N1 and a common 
node, which may be connected to ground. A first variable 
capacitor CBST1 is preferably connected in parallel with 
capacitor C1. The phase control circuit 500 further includes 
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a second inductor L2 connected between node N1 and a 
second node N2. A second variable capacitor CBST2 is 
preferably connected between node N2 and the common 
node. A second capacitor C2 is connected in parallel with the 
second variable capacitor CBST2, and a third inductor L3 is 
connected between node N2 and an output node OUT. The 
two variable capacitors CBST1 and CBST2 are each pref 
erably comprised of a BST thin film, or an alternative 
ferroelectric thin film material, having a capacitance value 
that is selectively variable as a function of control signal 
VCNTRL. 

0030. As illustrated by the exemplary graphical repre 
sentations shown in FIG. 6, the relationship 602 between the 
frequency-dependent voltage VC and frequency F of the 
input signal is preferably Substantially linear, at least over a 
desired range of input frequencies. By using ferroelectric 
thin film elements in the phase control circuit(s), this pref 
erably translates into a substantially linear relationship 604 
between the amount of phase shift (p generated by the phase 
control circuit(s) and the control signal VCNTRL applied 
thereto. 

0031. The techniques of the present invention may be 
employed to provide a power amplifier having a wider 
frequency range of operation, without a significant reduction 
in efficiency and/or linearity, compared to conventional 
power amplifier arrangements. It is to be understood that the 
present invention is not limited to the specific power ampli 
fier architecture shown. For example, while the exemplary 
power amplifier 300 depicted in FIG. 3 includes a phase 
control circuit 312 in the first signal path, an additional 
phase circuit (not shown) may be included in the second 
signal path as well, with the amount of phase shift generated 
by the additional phase control circuit being different than 
the amount of phase shift generated by phase control circuit 
312. Alternative power amplifier configurations are similarly 
contemplated by the invention, as will become apparent to 
those skilled in the art. 

0032. At least a portion of the power amplifier of the 
present invention may be implemented in an integrated 
circuit. In forming integrated circuits, a plurality of identical 
die are typically fabricated in a repeated pattern on a Surface 
of a semiconductor wafer. Each die includes a device 
described herein, and may include other structures or cir 
cuits. The individual die are cut or diced from the wafer, then 
packaged as an integrated circuit. One skilled in the art 
would know how to dice wafers and package die to produce 
integrated circuits. Integrated circuits so manufactured are 
considered part of this invention. 
0033 Although illustrative embodiments of the present 
invention have been described herein with reference to the 
accompanying drawings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various other changes and modifications may be made 
therein by one skilled in the art without departing from the 
Scope or spirit of the invention. 
What is claimed is: 

1. An amplifier, comprising: 
a signal splitter operable to receive an input signal and 

generate at least first and second split signals; 
a first amplifier adapted to receive the first split signal and 

to generate a first amplified signal; 
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a second amplifier adapted to receive the second split 
signal and to generate a second amplified signal; 

a combining circuit adapted to generate an output signal 
which is a sum of the first amplified signal and the 
second amplified signal; and 

a phase control circuit arranged in a signal path of one of 
the first and second amplifiers, the amount of phase 
shift provided by the phase control circuit being selec 
tively variable as a function of a control signal applied 
thereto, the phase control circuit comprising at least 
one thin film ferroelectric element. 

2. The amplifier of claim 1, wherein the phase control 
circuit follows the first amplifier. 

3. The amplifier of claim 1, wherein the phase control 
circuit precedes the first amplifier. 

4. The amplifier of claim 1, wherein the phase control 
circuit is arranged in the signal path of the first amplifier, and 
wherein the amplifier further comprises a second phase 
control circuit arranged in the signal path of the second 
amplifier, the amount of phase shift provided by the second 
phase control circuit being selectively variable as a function 
of a second control signal applied thereto, the second phase 
control circuit comprising at least one thin film ferroelectric 
element. 

5. The amplifier of claim 4, wherein the amount of phase 
shift provided by the phase control circuits is substantially 
the same relative to one another. 

6. The amplifier of claim 4, wherein the amount of phase 
shift provided by the phase control circuits is different 
relative to one another. 

7. The amplifier of claim 1, wherein the control signal is 
a function of a frequency of the input signal. 

8. The amplifier of claim 1, further comprising a fre 
quency detector circuit adapted to receive at least a portion 
of the input signal and to generate a detector signal that is 
representative of a frequency of the input signal, the control 
signal being a function of the detector signal. 

9. The amplifier of claim 1, wherein the first amplifier is 
configured in a class A mode of operation. 

10. The amplifier of claim 1, wherein the second amplifier 
is configured in a class C mode of operation. 

11. The amplifier of claim 1, wherein the first and second 
amplifiers are configured in a class A mode of operation. 

12. The amplifier of claim 1, wherein the power amplifier 
is configured as a Doherty amplifier. 

13. The amplifier of claim 1, wherein the power amplifier 
is configured as a balanced amplifier. 

14. The amplifier of claim 1, wherein the thin film 
ferroelectric element comprises at least one barium stron 
tium titanate capacitor. 

15. The amplifier of claim 1, further comprising a second 
phase control circuit adapted to receive the output signal and 
to generate a phase-shifted output signal that is shifted in 
phase by a desired amount compared to the output signal. 

16. The amplifier of claim 1, further comprising a second 
phase control circuit adapted to receive the output signal and 
to generate a phase-shifted output signal that is shifted in 
phase by a desired amount compared to the output signal, the 
amount of phase shift of the output signal being selectively 
variable as a function of a second control signal applied 
thereto, the second phase control circuit comprising at least 
one thin film ferroelectric element. 
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17. The amplifier of claim 1, wherein the signal splitter 
comprises an in-phase signal splitter operative to split the 
input signal into at least first and second split signals of 
Substantially equal power. 

18. The amplifier of claim 1, wherein the combining 
circuit comprises an in-phase combining circuit. 

19. The amplifier of claim 1, wherein the at least one 
phase control circuit comprises: 

a first inductor connected in series between an input node 
and a first node of the phase control circuit; 

a first capacitor connected between the first node and a 
common node: 

a first variable capacitor connected in parallel with the 
first capacitor; 

a second inductor connected between the first node and a 
second node: 

a second variable capacitor connected between the second 
node and the common node: 

a second capacitor connected in parallel with the second 
variable capacitor, and 

a third inductor connected between the second node and 
an output node. 

20. The amplifier of claim 1, wherein the control signal is 
a Substantially linear function of a frequency of the input 
signal. 

21. The amplifier of claim 1, wherein the signal splitter 
comprises a first interconnection element connected 
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between an input of the power amplifier and a first node the 
input signal being applied to the input of the power ampli 
fier, a second interconnection element connected between 
the first node and a second node, the first split signal being 
generated at the second node, and a third interconnection 
element connected between the first node and a third node, 
the second split signal being generated at the third node. 

22. An integrated circuit including at least one amplifier, 
the at least one amplifier comprising: 

a signal splitter operable to receive an input signal and 
generate at least first and second split signals; 

a first amplifier adapted to receive the first split signal and 
to generate a first amplified signal; 

a second amplifier adapted to receive the second split 
signal and to generate a second amplified signal; 

a combining circuit adapted to generate an output signal 
which is a sum of the first amplified signal and the 
second amplified signal; and 

a phase control circuit arranged in a signal path of one of 
the first and second amplifiers, the amount of phase 
shift provided by the phase control circuit being selec 
tively variable as a function of a control signal applied 
thereto, the phase control circuit comprising at least 
one thin film ferroelectric element. 


